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To all whom it may concern.: _ _
Be 1t known that I, Josrra Lester WVOG‘D-
BRIDGE, & citizen of the United States, re-
h[d]llﬂ at Philadelphia, in the countv of
Phllddelphm and bhte of Pennsylvania,
have invented certain new and useful Tm-
provements in Systems of Klectrical Distyi-
bution, of which the following is a specifi-
cation. | |
My invention rel.:lle% to those qysimm of
SOUTCES

of alternating current ave operating in par-

allel to furnish current to a cons nmpimn_

circit, and 1ts object 1s to provide more ex-
act and reliable means for dividing between
them in any desired propmtmn tle load re-
quired by the consumption circuit, and for

maintaining svnchronism between them.

The n ﬂture, characteristic features and
scope of my invention will be more clearly
understood by reference to the accompany-
ing drawings forming part hereof, and n
which— -

Figuare 1, i]lustrflteq features of my inven-

tion. Kig. 2, 1s another view of a portion of
the .;1ppf11"f1tus shown in Fig. 1, and Figs 3
and 4, show modifications of the invention.

Referrmg to Ing. 1, A,
three-phase alternating current, supplying
the consumption circuit 1, 2, 3. Connected

in parallel to A, by means of the conductors

5, 7, 8, 18 a rotary converter I3, whose com-

111111‘1101" C,1s connected by suita ble brushes to

the direct current circuit 4—5, to which cur-
rent may be furnished by any suitable souree,
such as the direct current generator (i, and
the battery and booster K. The combina-
tion shown in this figure is arranged to per-
mit the source A, ‘[0 furnish the E‘l"‘tll"f‘ cle-
mand of the con%nmptmn cireuit 1, 2, 3,
when that demand is equal to some pr ede—

termined amount, but to compel the direct

current circuit 4—.) through the rotary con-

verter B, to take the ﬂnctmtl(}n% of load

above or below this amount; or the adjust-

ment may be such that the rotary converter
takes a certain percentage of the load fluc-
tuations, the balance of these fluctuations
falline on A. The desired
load 18 effected by means of three static
transformers T%, T2 and 1% one for each
of the three phases.

1s a source of

TDetween P, and O, and wi

division of

&

" The connections and mode of operation
of transformer T, will now be described :—

1% and T*® being similar to T, in every re-

00

spect. The primary winding 9 of the trans-

former T,
6, between t

-

he terminal N of the source A,

and the corresponding terminal of the ro-

tary converter B. The secondary winding
10, of this transformer is connected by
means of conductors 11, and 12, .to the other
two terminals P, and O of the source A,
there being 1ntr0c7uced mto condnctor 12, a
reactance 0011 H. A condenser J, 1s also

-_ShOWIl connected across conductors 11 and

12, in pamlle] with the secondary winding

10, aad so connected that the reactance (3011

H, 1s located between the condenser and
the terminal O, of the source A. A switch

1S connected mto the conductor

60

69

70

(Q, serves to eut out sections of the réactance

coil H, from the circuit between the terminal

0, and the secondary winding 10, these sec-
-tlons bemo then included in the condenser

sircuit which is in parallel with 10.
It can be shown that, in the combination

70

of circuits including the reactance H, the

concenser J, the wmdmo 10, and conductor
11 and 12, if the teqctance of H, 1s equal to
the condensance of J, and the resistances of
H, J, 11 and 12, are neﬂholble the current
in 10, will be proportlona to the voltage
11 be constant if
that volm.ﬁe 1S constant regardless of the
resistance or reactance of 10, or of any
electro-motive-force, which may be 1intro-
duced into 1ts cir emt This current 1s equal

v

to—, in which expression 'V, 1s the voltage

AL

across P and O, and x, is the reactance of

H, equal and of opposite sign to the con-
densance of J. This current will be of a
phase 90° behind that of the voltage across

P, O, and therefore in phase with “the cur-
1*e11t outpnt from N, to the consumption cir-
cuit, at unity power “factor. Tt will be noted
that by moving the switch (), so as to cut
out some of the coils of H, the reactance in-
cluded between O, and 10 (and therefore
the value of x, 'the above formula), can

be reduced. The_coﬂs thus cut out are ther'e—~
by included 1n the condenser circuit, but as
their reactance 1s of oppostte sign to the
. condensmnee. of J they will reduice the con-
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that the reactance between O, and 10, has
been reduced and the equality between re-
actance and condensance will be maintained.
Thus for any position of the switch Q, the
current in 10, will be constant, but 1t may
be varied at will by changing the position
of Q. A switch D, is also shown, whereby
the number of turns of the winding 10, 1n
circuit may be varied. Thus by sutably
adjusting the switches Q and D, the number
of ampere turns in the winding 10, may be
varied over any desired range. They may
therefore be made equal and opposite to
the ampere-turns in the primary winding 9,
when the latter 1s carrying any desired cur-
rent output from the source A. Under such
conditions of equality the secondary wind-
ing 10, will exactly counteract the primary
winding 9, and there will be no magnetic
flax in the iron core of the transformer 17,
and no electro-motive-force will be induced
in either winding, If, however, there 1s any
tendency for additional current to flow
from the terminals N, through the winding
9, due for example to an increase or load
on the consumption circuit, the latter wind-
ing will act as a choke coil toward such ex-
cess current, and a very small portion of
such increase of load, getting back to the
source A, through the winding 9, will de-
velop in the latter a counter-electro-motive-
force such as to oppose further increase and
compel the rotary converter B, to take the
balance of the 1ncrease.

A switch K, is shown, whereby the con-
ductor 1, of the consumption circuit 1, 2, 3,
may be connected to various points in the
winding 9. When the switch K, 1s m the
position shown in the drawing, the entire
winding 9, is located between conductor 1
and terminal N, of the source A, and the
effect is to throw practically all of the fluctu-
ations of load on the rotary B. I1f, however,
the switech E, is adjusted so as to make con-
tact at some mtermediate point in the wind-
ing 9, leaving a portion of its turns between
conductor 1, and the rotary B, any output
from the rotary to the consumption circuit
must pass through these turns and its effect
will be opposite to that of current from N.
To produce equilibrium, therefore, the fluc-
tuations of load must divide between A, and
B, in the inverse ratio of the number of
turns of the winding 9, in the circuit of
each, and any tendency to produce any other
division of load than this will produce in
the winding 9, a counter-electro-metive-force
such as to counteract such tendency. It will
be understood that the transformers T? and
T? in the other two phases are 1dentical with
T, and are connected up with condensers
and reactances and adjusting switches in

densance of that circuit by the same amount |

055,447

precisely the same way, so that the above
description need not be repeated.

The apparatus above described will there-
fore serve to permit the average demand or
any predetermined portion of that average
to fall on A, and also any predetermined
proportion of the fluctuations above and be-
low that average, while the balance of the
load on'the consumption circuit, whether ol
the average or of the fluctuations, must fall
on the rotary converter B, and through it

. on the direct current circuit 4—5.

As stated above, the primary windings oi
the transformers T*, T2, and 1%, act as choke
coils between the source A, and the rotary
converter BB, opposing any departure ifrom
the predetermined division of load for
which adjustment has been made. 1f, there-
fore, there should develop any tendency 1in
the rotary converter to fall out of synchro-
nism, these choke coils will prevent the source
A, from supplying the necessary current to
hold the rotary converter in step, and some
other means must be provided to accom-
plish this. Ifor this purpose a small syn-
chronous motor S, 1s provided, having 1its
Helds L, mounted directly on the shaft U,
of the rotary, and its armature M, connected
by the usual collector rings and brushes and
the conductors 13, 14, 15, to the respzciive
terminals N, O, and P, of the source A. 1If
the fields L, were stationary the armature M,
would tend to revolve in synchronism with
the source A, and the connections are such
that this rotation would be in the opposite
cirection to that of the rotary converter.
Since, however, the fields L, are mounted on
the rotary converter shait U, and rotate
with 1t, 1f this rotation 1s exactly in synchiro-
nism with A, the armature M, will remain
stationary (assuming, of course, that the
motor S, has the same number of poles as
the rotary). Mounted on the shaft of the
armature M, 1s an arm V, which bears upon
a pile of carbon disks R. A side elevation
of this portion of the apparatus 1s shown
in Fig. 2. The carbon pile R, 1s connected
in series with the field I, of the rotary con-
verter by means of the conductors 16, and
17, the field I¥, being energized in the usual
manner from the direct current circuit 4—>5.
Any variation in the pressure exerted by the
arm V, on the carbon disks R, will vary the
resistance of R, and therefore vary the
strength of the field . The adjustment 1s
such that when the rotary converter is ex-
actly in step with A, the armature M, and
arm V, will be in such position that the

pressure on the carbon pile R, will be suit-

able to produce the necessary flow of cur-

rent in the field F. 1If there 1s any tendency
for the rotary converter armature to 1n-
| crease 1ts speed, there will result a tendency
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~as to 1nerease the pressure on

955,_447

to rotate the armature M, in such direction
the carbon pile
R. This will reduce its resistance, and per-
mit more current to flow thlolwh K. The

imcrease field strenoth thus produced will
“increase the counter-electro-motive- tforce, of

the rotary comverter, thus reducing the
amount of curr*ent which it will receive from
the cir This reduction of energy

will check th‘e tmdency to 1ncreased speed
Should

of the rotary converter armature.
there be a tendency to decrease the speed,
the results would be reversed, the pressure
of V, on R, would be 1el1eved the field oz

the IOt[LI‘Y converter would be weakened

thus maintaining the speed. Thus the
motor S, by varying the pressure on the car-
bon pl]e R, will, by controlling the supply
of energy to the 1'0t.:11y converter in response
to q]wht variations in its phase relation to
the source A, hold it m %Vn@hmmsm with
that source.

In Fie. 3, the rotary converter B,, and 1ts

“direct current supply circuit is replaced by

an alternator B2, operating in parallel with
the source A, and driven by
Al
replaced by the reactances 91 9%, and 9%, the
secondary winding, condensers and react-
ances H, being omitted.
ad]ustment is such that when there 1S o
load on the consumption circuit 1, 2, 3, there
will be no load on either A, or B,
however, there
on the consumptmn circuit, the load will di-
vide between A, and B2, in inverse ratio of
the number of turns of the reactance coil 91,
included on either side of the conductor 1,
by the position of the switch K. This d1-—
vision of load will produce equal and oppo-
site ampere turns in each section of the coil
9', which will therefore neutralize each other
and no magnetic flux will be produced in the

nmo*netlc mrcmt of the reactance and there-

fome in 1ts windings such as to counteract
With any tendmcy ‘to depart from this di-
vision of lead, the reactance 9%, will act as a

choke coil, developincr an electro - motive-
- force 1n 1ts windings such as to counteract

such tendency. As in Fig. 1, a synchronous
motor S, has its fields L mounted on the
shaft of B and 1ts mmatme connected by
conductors 13 14, 15, to the source A, 1n
such manner tlmt When B2, 1s mfuntfuned mn
synchronism with A, the armature M, will be
stationary. A crank V1, is dft‘lChEd to the

the rod W, and the valve X, controls the
supply of steam, to the engine A'. If the
machine B2, tends to increase its speed, the

and
niore energy would be delivered to the rotary
converter armature from the circuit 4—5,

a steam engine
The transformers T, T~ and T?’ﬁ'are.

In this case the |

\Vhen,_
occurs a demfmd for current

|

‘the valve X; also ot

nators A3,

-

8

change in the posltmn of V as 3 vﬂl pmtlally

close the valve ). @ reducmo the supply of
steam and therefore the amount of energy
delivered to B2 This will counteract the

tendency to increase of speed, and hold the
machine B2, in synchronism with A. It will

be understood of course, that any of the well
known devices for controlhno the supply of

steam to the engine may be “substituted for

ing the steam control in res sponse to changes
n phase relation between the machine B~
and the source A, may be substituted for t

motor S, without in any way affecting t

16

spirit of the invention.

In Ifig. 4, are shown two motor oenerator

sets Y* A3 and Y B, such as are employed
for tr‘mfsfmmmo' alteuntmo currents from

one frequency to another or from one num-
ber of phases to another. As here
two synchronous motors Y?*, and Y?2
connected in parallel to a 3- ])h‘l%& supply C1r-
cuit 18, 19, 20, and mounted one on the shaft
of each motor, are two single phase alter-
and B, "which are connected 1n
parallel to the consumptlon circuit 21-—22.
As ordinarily operated, it is impossible to

vigion of load between two such motor gener-
ator sets, when connected in parallel on both
sides: and in fact, unless the generator

.armatures are keyed to the shafts very accu-

rately in the same relative phase-relation to
the motor armatures, an abnormal and unde-
sirable division ot load may result. By the
introduction of the reactance coil 9 and the
switch E, whose operation is exactly the

same in this case as described in connection

with Figs. 1 and 8, the division of load be-

tween the two machines may be adjusted at

will. In as much as the machines A% and
B, are in this case held in synchronism by

the fact that the motors Y and Y?, are con-
nected to the same supply cu:*cult other
‘means for maintaining synchronism such as
‘the motor S, of previous figures, will not be .

required. .
It wall be understood that the transfer of

energy through the apparatus shown in Fig.
4, may be reversed in direction without ‘I]tel—

ing itg general mode of operation. That 1s,
the circnit 21, 22, may become the supply
circuit and the circuit 18, 19, 20, the con-
sumption circuit, in which case the reactance

'0011 9, and swzltch E., will still control the di-

vision of load between the two motm oener-
ator sets. |

What 1 clalm 1S:

1. In combination two source% of alter-
nating current connected to a consumption

circuit in parallel relation, a winding em-
bracing a magnetic circeult :;md mcluded mn

armature M will move md produce such . the (31rcmt between the two sources; means

her devices for actuat-

shown the
are
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acdapted to reduce the magnetic flux in the
magnetic circuit to zero when the load on the
consumption cirenit is divided between the
two sources 1 some predetermined propor-
(1on, and means responsive to changes in the
phase relation between the two sources for
controlling the energy supplied to one of
them. -

. Two alternating current dynamo-elec-
tu(,, machines conueded m parallel relation,
a windmg emibracing a magnetic circuit con-
neeted hetween them, a consumptlon circuit,
means for connecting the consumption cir-
cuit to an intermediate point in said wind-
g and a supply of energv for one of said
machines controlled by changes in its phase
relation to the other.

3. In combination a source of alternating
current and 1ts consumption circuit; a source

ot direct current; transforming apparatus

connected to both sources and adapted to
transter energy in either divection between
them: a winding embracing a magnetic cir-

cuit and connected between the source oi

.;111{-3111{11,1110 current and the alternating cur-
rent terminal of the transforming appa-
ratus; a second winding embracing the same
magnetic cireuit ; and means dd‘lpted to send
through the second winding a predetermined
current substantially 111(:1ependent of any
counter-electro-motive-force which m: Ay be
dleveloped 1n <aid winding.

4. In combination a source of alternating
current and its consumption circuit; a source
of direct current; transforming apparatus
connected to both sources and acdapted to
{ranster energy in either direction between
them: a Wmdmﬂ embracing a magnetic cir-
cuit and connected Detween the source of

altelmhnﬂ current and the 11te1*113t1110 cur-

vent terminal of the {ransiorming appa-
ratus; a second winding embmcmg the
same magnetic cireuit, a reactance coil con-
nected in series with the second winding. a
condenser connected in parallel with the
second winding. and means for applying to
the terminals of the cireuit comprising the
reactance coil and the second winding an
alternating current electro-motive- force.

5. In combination a source of alternating
current and 1ts consumption circuit; a source
of direct current; transforming apparatus
connected to both sources and adapted to
franster energy 1n either direction between
them, a winding embracing a magnetic cir-
cuit and connected between the source of
alternating current and the alternating cur-
rent terminal of the transforming appa-

ratus; a second winding embracing the same
magnetic cireuit; means qdapted to send
throngh the second winding a predeter-
mined current independent of any counter-
electro-motive-force which may be developed

change of energy between said a

[ —
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In said winding; and means responsive to
changes of phase relation between the source
of alternating current and the transforming
apparatus and adapted to control the inter-
pparatus

and the direct current source.

6. In combination a source of alternat-
e current and 1its consumption circuit; a
source of direct current; transforming : qppﬂ,-—
ratus connected to both sources and fld‘lpted
to transfer energy in either direction be-
tween them; a winding embracing a mag-
netic cirenit and connected between the
source of alternating current and the alter-
nating current terminal of the transform-
mg apparatus; a second winding embrac-
mg the same magnetic cireuit; a supple-

| mental cireunit comprising in series relation

a source ol alternating electro-motive-force,
a reactance coil, and a condenser; a connec-
{1on from one terminal of the second wind-
mg on the magnetic cireuit to a point i the
supplemental cireuit between the condenser
and the source of alternating current elec-
tro-motive-force; and means for connecting
at will the other terminal of said Wmdmo
to any one of several intermediate pomt%
in the reactance coil.

1. In combination a source of alternating
current electro-motive-force a reactance coil
and a condenser connected in serles rela-
tion. a conducting circuit. and means for
connecting one terminal of the circult to
that termial of the condenser which is con-
nected to the source and the other terminal
of the circuit to any desired point in the
reactance coil.

3. In combination an alternating current
cireult, an alternating current dynamo-elec-
tric machine, a source of energy for the
latter, and means responsive to changes in
phase relation between the dynamo- electric
machine and the circuit and independent of
the transfer of energy between them and
adapted to control the transfer of energy
b{ltween satd machine and 1its source of en-

(}V"

9. An alternating current dynamo elec-
tric machine hwmo a stationary and a mov-

able member. a source of energy for said
machine. an alternatlnﬂ* current circuit, and
means for controlling the phase relation be-
tween the machine and the cireuit COmprising
a synchronous motor whose elements (‘11‘111‘1—
ture and field) are both free to revolve, a
mechanical connection between one of said
clements and the moving member of the
dynamo electric machine, and means re-
sponsive to motion of the other of said ele-
ments of the synchronous motor and adapt-

ed to control the supply of energy to the
dynamo electric machine and electrical con-
nectron between the source of alternating
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current electro-motive-force and the arma- | chronizing current between them, and means
ture of the synchronous motor.. | responsive to changes in phase relation be-
10. A source of alternating current elec- | tween them and adapted to control the sup-
tro-motive-force, an alternating current dy- | ply of energy to the dynamo machine.
5 namo electric machine connected in parallel | In testimony whereof I have hereunto 15
relation to the source, means independent | signed my name. '

of the source for supplying energy to the JOSEPH LESTER WOODBRIDGE. _

dynamo-machine, a reactance coil connected . Witnesses A
- between the source and the dynamo-machine | W. J. Jackson,
10 and adapted to prevent the flow of syn-| XK. M. Grrricax.
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